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Abstract

Metabolic and bariatric surgery has been proven to be effective in the glycemic and metabolic control of type 2
diabetes (T2D) and obesity. While most patients experience remission of T2D after surgery, some individuals
remain with suboptimal glycemic control. In addition, a significant subset of patients experience relapse of diabetes
in the long term after attaining diabetes remission. As a heterogenous disease, the underlying etiology of T2D and
response to treatment can be variable in different individuals. The mechanism of diabetes relapse is not completely
understood as is the optimal medical management of T2D after metabolic and bariatric surgery. Nonetheless,
person-centred collaborative and supportive care beyond the monitoring of parameters forms the cornerstone in
formulating care for people with diabetes. This paper reviews the clinical management of T2D after bariatric
surgery, including persistent T2D or diabetes relapse after initial remission.
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INTRODUCTION

With the advent of bariatric surgery, the armamentarium for the treatment of obesity and obesity-related
complications such as type 2 diabetes (T2D) has broadened significantly"’. Commonly regarded as
metabolic-bariatric surgery (MBS) due to its positive impact on obesity-related metabolic diseases, this
modality has now been positioned as an efficacious treatment adjunct in management algorithms adopted
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worldwide, in particular for T2D",

The gastrointestinal (GI) tract plays a key role in metabolic regulation, and interventions to manipulate the
GI tract have resulted in significant metabolic and glycemic benefits in patients with T2D. A meta-analysis
of randomized controlled trials (RCTs) comparing MBS with non-surgical management of T2D showed
that MBS was associated with greater weight loss, improved glycemic control and higher rates of T2D
remission’®. After MBS, HbA, reductions of 2%-3.5% from baseline were observed compared to 1%-1.5%
with medical therapy"”. Diabetes remission has also been reported in 29%-95% of patients with T2D within
1-2 years of MBS, Long-term follow-up points towards durability of metabolic effect, although relapse of
T2D after initial remission is frequently observed (33%-67%) 5 years on after MBS""**. Furthermore, most
studies were conducted before the era of more potent and novel anti-diabetes and anti-obesity treatments
which are currently widely in use.

The trajectory and natural course of T2D after MBS remains unclear, in particular of sustained metabolic
outcomes and the long-term outcomes of diabetes-related complications'”. Rapid changes in metabolic
parameters from enforced dietary changes and weight loss after MBS also necessitate adjustments in
medications for control of blood pressure, glucose and lipids. With a significant percentage of patients
either remaining with T2D or experiencing relapse of T2D in the long-term, ongoing management of T2D
after MBS remains crucial to reduce the morbidity and mortality of people with T2D. However, the optimal
management of T2D after MBS is not well-studied. We aim to discuss and explore current evidence
surrounding the clinical management of T2D after MBS.

T2D - A CHRONIC, PROGRESSIVE YET HETEROGENOUS DISEASE

A chronic, progressive metabolic disorder characterized by hyperglycemia and lipid dysmetabolism, T2D is
complex with a multi-faceted pathophysiology. Insulin resistance coupled with impaired (defective) insulin
secretion from B-cell dysfunction form the two main distinct pathophysiologic drivers of T2D". Obesity
serves as a major etiologic factor of insulin resistance. Ectopic deposition of intraorgan fat within the liver
and muscle results in insulin resistance with cascading sequalae which can ultimately impair B-cell function
while that in the pancreas disrupts normal glucose and lipid metabolism, leading to impaired insulin
secretion'”). In addition, concomitant pathophysiologic defects such as reduced incretin effect, increased
renal glucose reabsorption, elevated fasting glucagon levels leading to increase hepatic gluconeogenesis can

[16,18]

further exacerbate hyperglycemia'***..

There is, however, inter-individual variability in the relative contribution of each factor to the etiology of
disease, rendering T2D a heterogenous disease. Contributing to the heterogeneity of clinical phenotypes,
onset and course of T2D, and to the response to treatment, are factors like the presence of autoimmunity,

»[17,18

genes, epigenetics, ethnicity and “fat mass setpoint””'*. The set-point theory posits that the human body
has a predetermined fat mass set-point range and compensatory physiological mechanisms maintain that
set point and resist deviation from it. The set-point can vary widely across individuals. It has been also
postulated that there is interindividual variation in the susceptibility of the metabolic organs (e.g., liver,
pancreas) to visceral adiposity (liposusceptibility) and this contributes to the manifestation of insulin
resistance and adverse effect of excess fat at variable body mass index (BMI), and in different ethnic
groups"”. For example, Asians are particularly susceptible to visceral adiposity and its deleterious metabolic
sequelae. Even among Asians, heterogeneity in clinical phenotypes is observed with South Asians more
“liposusceptible” than East Asians and T2D manifesting at seemingly normal BMI and waist circumference
ranges"**’. East Asians, on the other hand, display a lower insulin-secreting capacity compared to their
Caucasian counterparts, manifesting at the pre-diabetes or early T2D stages™'..
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Regardless, B-cell failure is the hallmark of the development of overt hyperglycemia in diabetes”. By the
time fasting hyperglycemia manifests, it is postulated that 50% of B-cell function is lost*. With time, there is
an inevitable progressive decline in p-cell function despite anti-diabetic treatment, with the requirement of
additional glucose-lowering agents including insulin therapy in many individuals 6 years after diagnosis®*.
The rate of B-cell decline is variable, with factors like hyperglycemia, lipotoxicity, obesity and increasing age

accelerating the process, and others such as intentional weight loss and early intervention of T2D, retarding

it[l7,18,25]‘

TARGET UNDERLYING PATHOPHYSIOLOGY IN T2D TREATMENT

Regardless of the modality used, optimal and effective treatment of T2D aims at targeting the multiple
underlying pathophysiologic defects. Recent attempts by Wesolowska-Andersen et al. to map clinical
heterogeneity in T2D to individual etiologic processes using soft clustering of 32 anthropometric, clinical,
and biochemical phenotypes in early T2D identified 4 archetypes based on obesity, insulin resistance,
dyslipidemia, and p-cell glucose sensitivity*. Disease progression and risk of diabetes complications can be
predicted and treatment strategies deployed based on the predominant archetype®. Such an approach can
potentially lead to individualized treatment strategies targeting the predominant pathophysiology of T2D to
improve clinical outcomes. These strategies can include increased vigilance in monitoring and the early use
of anti-diabetic, reno- and cardio-protective medications to retard the progression of T2D and delay the
development of diabetes complications.

Any reversal of the defects to attain diabetes remission hinges upon the intrinsic insulin-secreting capacity
of the p-cells®”**. Sustainability of remission would, therefore, depend on having a critical mass and
function of residual p-cells. With increasing duration of T2D typically beyond 10 years, the possibility of
restoring B-cell function diminishes drastically®*”. On a background of variable contribution of each
pathophysiologic defect in every individual, e.g., severity of insulin deficiency, insulin resistance or incretin
defect, the response to each treatment modality of T2D, including MBS, can be heterogenous. Patient
factors such as duration of T2D, age, pre-operative use of insulin and C-peptide levels, can serve as
surrogates of residual p-cell function and double up as predictors of diabetes remission induction and
maintenance while the surrogates of insulin resistance such as pre-operative BMI, waist-hip ratio may

predict better response with weight loss'*>*.

The delineation of pathophysiologic defects impacting an individual allows us to harness the mechanisms of
MBS to target these defects in the individual and guide the choice of procedure. When faced with a reduced
probability of robust p-cell function as encountered in diabetes of long duration, if significant weight loss
and maintenance can be achieved, insulin sensitivity can be restored and the strain upon an already
compromised p-cell can be lifted. It has been shown that despite maintaining clinical remission, there is
limited recovery of p-cell function 3 years after gastric bypass. However, normoglycemia can be attained
through augmented incretin effect which enhances insulin secretion after gastric bypass®™’. Weight loss
improves insulin sensitivity and can augment incretin effect which, in turn, improves insulin secretion and
reduces B-cell apoptosis. There is emerging evidence of re-differentiation of B-cells after weight loss which
can improve insulin secretion?". In addition, the magnitude of weight loss has been shown to correlate
with diabetes remission after MBS, with weight loss being the biggest predictor of diabetes remission and its
sustenance after MBS"”***"l. Several studies have observed that weight loss and diabetes remission in the
long-term is greater in bypass procedures compared with other types of procedures” possibly related to
the above mechanisms. Unfortunately, when p-cell deterioration is severe as it is in long-standing diabetes,
it can be challenging to attain remission even with the large degree of weight loss associated with MBS"*.

The use of clinical surrogates to stratify the likelihood of insulin deficiency pre-operatively - and hence the
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likelihood of diabetes remission - has been proposed to guide choice of procedures, with a careful balance of
risk from surgical complications"*”..

COURSE OF DIABETES AFTER METABOLIC SURGERY: MECHANISMS AND
PREDICTORS OF DIABETES REMISSION AND RELAPSE AFTER MBS

During the immediate pre- and post-MBS periods, patients generally consume a very low-calorie diet. Such
acute caloric restriction has been shown to rapidly reverse p-cell dysfunction and restore insulin secretion in
those with a shorter duration of T2D"***!, with hepatic insulin sensitivity and fasting plasma glucoses
normalizing as early as 1 week even in the absence of significant weight loss"*. Augmented incretin effect
and insulin secretion is observed within the first week, with normalization of insulin secretion about 1
month post-gastric bypass. The 5- to 7-fold increase in post-meal glucagon-like peptide-1 (GLP-1) levels
from baseline is maintained even years after surgery. However, in the long-term, intrinsic B-cell function
shows minimal improvement despite clinical diabetes remission post-MBS, with progressive diminished
function over time". Other mechanisms of improvement in diabetes control after MBS include increase in
gut glucose utilization and intestinal gluconeogenesis, reduced gut glucose absorption, changes in adipose
tissue, circulating bile acids and gut microbiota, among others™. Hence, rapid improvement and even
normalization of blood glucoses can be observed immediately after MBS, with diabetes remission occurring
as early as 3-6 months after surgery.

In a Consensus Report jointly published in 2021 by the American Diabetes Association and other major
scientific societies, diabetes remission is used to describe a “sustained metabolic improvement in T2D to
nearly normal levels”. Its definition was largely simplified and re-determined as “a return of HbA,. to < 6.5%
(< 48 mmol/mol) that occurs spontaneously or following an intervention and that persists for at least 3
months in the absence of usual glucose-lowering pharmacotherapy””. Hence, the earliest determination of
diabetes remission after MBS is at least 3 months after the procedure and 3 months after the cessation of any
glucose-lowering medication. Due to changes in caloric and nutrient intake, and ongoing weight loss, blood
glucose changes can be rapid especially in the first 6 to 12 months after MBS, necessitating regular
monitoring. To determine ongoing and long-term maintenance of remission, testing of glycemic control,
preferably with HbA , should be done at least once a year. Periodic screening of diabetes complications and
monitoring of cardiovascular risk factors per recommended guidelines should continue regardless of
glycemic status.

The incidence of diabetes remission after sleeve gastrectomy (SG) and gastric bypass (GB) can range from
23% to 75% depending on the definitions used for diabetes remission, the type of surgical procedure, age
and severity of T2D, amongst other factors®*. Prediction models have been proposed to assess the
likelihood of diabetes remission after bariatric surgery. These models generally include factors such as age,
BMI, duration of diabetes, HbA . level and insulin use®**". In terms of procedure type, GB is more effective
than SG in inducing diabetes remission, likely related to its more pronounced neurohormonal effects"”.
Studies have shown that post-operative weight loss is the strongest predictor for “restoration” of p-cell
function along with baseline (pre-operative) p-cell function and post-operative GLP-1 response”*”. However,
pre-operative pancreatic B-cell reserve remains the most important predictor of diabetes remission. In
advanced diabetes and B-cell exhaustion, it is unlikely that diabetes remission can be achieved post-
operatively despite significant weight loss.

Patients who initially attained diabetes remission after MBS may subsequently experience recurrence of
T2D, a phenomenon known as diabetes relapse, occurring most frequently within the first 5 years after
MBS. Data from a large Swedish registry showed that of the 2,090 subjects who achieved complete diabetes
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remission, 20.1% had diabetes relapse"”. Pre-operative predictors of diabetes relapse include longer

duration of diabetes, higher pre-operative HbA,, number of diabetes medications pre-operatively, pre-

12

operative insulin use, female gender and type of surgery (relapse 2.2 times more likely with SG vs. GB)""*’\.

A more recent Japanese study has also shown similar findings, with the identification of preoperative
HbA
another factor that can predict long-term diabetes remission after MBS. A recent study showed that despite

o poor weight loss, and excess weight regain after SG as risk factors for diabetes relapse®™. Age is
similar baseline insulin use and percentage total weight loss at 5 years, adolescents who underwent MBS
were more likely to achieve durable diabetes remission at 5 years compared with adults (86% vs. 53%,
P <0.05)"*. Most studies also show an independent association between poor weight loss outcomes after
MBS (either insufficient weight loss or significant late weight regain) and diabetes relapse”****\. Hence,
maximizing weight loss outcomes after MBS and prevention of weight regain is of paramount importance to
reduce the risk of diabetes relapse.

Although diabetes relapse after initial diabetes remission is common (33%-67%), most patients can achieve
significantly better glycemic control and improvement in cardiovascular risk factors compared to their pre-
operative state. In a large cohort study, a third of patients who had diabetes remission had subsequent
diabetes relapse”™. However, even in patients who had relapse, 77% of them maintained adequate glycemic
control (HbA,. < 7%). Diabetes medication requirements also decreased, with average number of diabetes
medications reducing from two before surgery to one long-term, and insulin use decreasing from 29%
before surgery to 12% long-term. Other metabolic parameters such as blood pressure and lipid levels have
also improved compared to pre-surgery. Data from a Singapore centre showed similar results, and ethnicity
did not influence glycemic outcomes or diabetes remission in the multi-ethnic Asian cohort'*'’.

The specific mechanisms that underpin the long-term diabetes remission, or that influence diabetes relapse
remains unclear. The role of gut hormones, insulin, glucagon, and adipokines need to be investigated to
gain better understanding of these mechanisms*”. Nevertheless, the treatment of diabetes relapse should be
multi-pronged and targeted towards the two main causes of relapse: those who are surgical non-responders
with inadequate weight loss or weight regain after surgery, and those with poorer baseline p-cell reserve and
develop progressive B-cell exhaustion over time.

MANAGEMENT OF T2D: A GENERAL AND COMPREHENSIVE APPROACH

The fundamental principles of management of a person with T2D remain unchanged regardless of type of
therapy, with lifestyle management and psychosocial care forming the cornerstones of diabetes
management'”. The ultimate goals of treatment for diabetes are to prevent or delay complications and
optimize quality of life in those living with diabetes and go beyond focusing on parameters. However, these
goals should always be person-centric and individualized, considering multiple factors including ability for
self-management, social situation, age, cognitive ability, educational level, health literacy, financial concerns,
personal preferences for care and support systems, and the presence or risk of renal and cardiovascular
disease. Patients should be empowered for problem-solving self-management as much as possible,
supported by a multi-disciplinary team. Treatment plans collaboratively developed with people with
diabetes, their families and the healthcare team can significantly improve well-being and disease
outcomes*.

Holistic care of the patient with T2D should include counseling for smoking cessation, weight, stress and
sleep management, and ensuring up-to-date vaccinations'”. Simultaneous control of multiple metabolic
targets (glycemia, blood pressure and lipids) compared to that of individual metabolic parameters have been
shown to have greater impact in reducing diabetes micro- and macro-vascular complications and mortality
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and with legacy effect'****. Each metabolic target should be individualized according to the presence of pre-
existing diabetes complications and hypoglycemia risk"”. Vigilant regular monitoring for diabetes
complications with at least an annual cardiovascular risk assessment and screening for retinopathy,
nephropathy, neuropathy and diabetic foot ulcers should be performed as early detection and intervention
of complications can delay progression of these complications!*”.

Follow-up visits should be scheduled at least every 3-6 months initially and once stabilized, can be
individualized accordingly but at least annually. Treatment plans and goals of therapy should be reviewed
and agreed upon with the patient at every visit and adjusted according to the patient’s needs rather than
implementing a one-size-fits-all treatment plan**. Even in diabetes remission, holistic care of the patient
with T2D should remain unchanged. Table 1 provides a summary on the goals of therapy and the
recommended monitoring of all patients with T2D even in the presence of diabetes remission.

Factors predicting diabetes remission or relapse should be considered in pre-operative counseling and post-
operative monitoring. The risk of diabetes relapse and the need for long-term monitoring of metabolic
parameters and diabetes complications even in the advent of diabetes remission should always be made
clear to patient.

MANAGEMENT OF RESIDUAL DIABETES AND DIABETES RELAPSE: CHOICE OF

PHARMACOTHERAPY

Management of diabetes in the peri-operative and early post-operative phase

Good glycemic control during the pre-operative and early post-operative period is important to reduce the
risk of peri-operative complications, and perhaps even improve the chances of remission after MBS!**.
Anaesthesia and surgical stress, abrupt cessation of insulin during the perioperative period, postoperative
infection, prolonged poor oral intake, and severe dehydration can precipitate diabetic ketoacidosis, which is

a diabetic emergency''..

While patients are on a very-low calorie diet in preparation for MBS, insulin doses should reduced by at
least 50% due to the rapid insulin sensitizing effect of an acute caloric restriction and adjusted based on
frequent self-monitoring of blood glucoses during this period”. For those with good glycemic control (i.e.,
HbA,. < 7%) and relatively lower doses of insulin (e.g., < 30 units/day), cessation of insulin may be possible
with frequent blood glucose monitoring. Similarly, for those on oral glucose-lowering medications,
sulphonylureas are generally either halved or stopped while agents with a low risk for hypoglycemia (e.g.,
metformin and incretin-based therapies) may be continued"”.

During the peri-operative period, metformin should be stopped on the day of surgery, but may be restarted
on the 3rd day after surgery if needed, provided that the renal function remains stable””. Metformin doses
should be reduced after gastric bypass surgery as bioavailability of metformin increases by 50% after Roux-
en-Y gastric bypass (RYGB)". Due to its glycosuric effects and risk of dehydration and diabetic
ketoacidosis, of sodium-glucose transporter-2 inhibitors (SGLT2i) should also be withheld prior to bariatric
surgery, and only restarted after surgery when adequate hydration is established. Similar to routine
treatment for hospitalised patients, a glucose target of 7.8-10.0 mmol/L may be adopted and insulin doses

[54]

titrated to maintain glucose levels within this range

Immediately after MBS, sulphonylureas and prandial insulins are generally avoided due to the risk of
hypoglycemia. An approach the authors adopt is to stop all anti-diabetic medications immediately post-op
except for oral metformin and dipeptidyl peptidase-4 (DPP-4) inhibitors (if prescribed pre-operatively) and
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Table 1. Goals of therapy and recommended monitoring for a patient with T2D after MBS™”

Minimal frequency of monitoring (more
Parameter Target Caveats frequent if not at target or with
complications)

HbA, <7% Tailored individually based on the risk of Six months
hypoglycemia and long-term outcomes

Blood pressure <130/80 mmHg Preferential use of ACEi or ARB in those with Six months
CKD/DKD

LDL-cholesterol < 1.7 mmol/L < 1.5 mmol/dL in those with established CVD,  Annual
CKD, or PVD

DR Early detection of DR with diabetic retinal photography to allow for Annual

early intervention
DKD Early detection and intervention of DKD with the use of serum Annual

creatinine and urine albumin:creatinine ratios

Diabetic neuropathy Early detection of those at risk for diabetes foot disease with routine  Annual

and foot screening screening for neuropathy and peripheral artery disease of the lower
extremities
Immunisation Vaccinated against pneumococcal and influenza per local guidelines

Recommendations (apart from glycemic target) remain for those with remission of T2D. ACEi: Angiotensin-converting enzyme inhibitor; ARB:
angiotensin receptor blocker; CKD: chronic kidney disease; CVD: cardiovascular disease; DKD: diabetic kidney disease; DR: diabetic retinopathy;
LDL: low-density lipoprotein; MBS: metabolic bariatric surgery; PVD: peripheral vascular disease; T2D: type 2 diabetes.

use a supplemental rapid or short-acting insulin sliding scale. If the pre-meal capillary blood glucoses (CBG)
levels are consistently > 12 mmol/L during the 48 h after surgery, basal insulin once daily at 20% of the
patient’s body weight is initiated until the next outpatient review 2-4 weeks after surgery. Basal insulin is
stopped if pre-meal CBG levels are < 8 mmol/L. SGLT2i may be resumed at that point depending on CBG
levels, hydration status or pre-existing history of heart failure and renal disease. Figure 1 provides a
framework of managing diabetes in the peri-operative period.

Management of diabetes in the chronic post-operative phase and of diabetes relapse

Metformin has remained the backbone treatment for T2D due to its low cost, proven efficacy and safety
profile and wide availability worldwide. Hence, metformin is the natural first choice of pharmacotherapy for
patients with residual diabetes or diabetes relapse [Figure 1]. Meanwhile, the advent of new classes of
glucose-lowering medications has dramatically altered the landscape of diabetes therapeutics. The choice of
anti-diabetic medication after metformin is dependent on several factors such as the presence of
atherosclerotic cardiovascular disease (ASCVD) or its risk, the presence of heart failure, history of stroke
and/or chronic kidney disease. Agents which are weight neutral or result in weight loss should be
considered first*”.

GLP-1 secretion is generally enhanced after RYGB and SG", leading to increased satiety, glucose-
dependent insulin secretion. Patients with suboptimal weight loss”” or non-remission of T2D"” after RYGB
had attenuated post-prandial GLP-1 response, which raised the possibility of using GLP-1 receptor agonists
(GLP-1 RA) to treat residual diabetes or diabetes relapse.

In the GRAVITAS RCT, patients with residual or recurrent T2D after RYGB or SG who received liraglutide
1.8 mg daily had better glycemic control (HbA, -1.2%) and weight loss (4.2 kg) compared with placebo’™.
Interestingly, the effect of liraglutide on glucose and weight loss in this post-operative cohort is almost
identical to the non-surgical T2D population. It is hypothesized that GLP-1 release after MBS is triggered
by food and fasting GLP-1 levels are similar to pre-surgery levels'®. GLP-1RA augments fasting GLP-1
levels, providing complementary advantages on appetite suppression, weight loss and improvement in
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Pre-operative and Post-operative Diabetes Management
Pre-operative Post-operative
Oral Insulin Oral Insulin
During VLCD: During VLCD: - Restart metformin - Continue reduced
- Stop long-acting - Stop prandial if renal function is dose of basal
sulphonylurea insulin stable and if insulin
- Maintain - Reduce basal indicated - Gradual
metformin, DPP4i insulin dose by - Restart GLP-1 RA reduction in dose
or GLP-1 RA about 50% or SGLT?2i for may be needed
- Hold off SGLT?2i at - Titrate dose based cardiorenal with weight loss
least three days on capillary protection, if - Pre-mixed insulin
before op glucose indicated, once may heighten
adequate oral hypoglycemia
intake and risk
hydration are
established

Figure 1. Medical management of diabetes in metabolic-bariatric surgery patients”?. DPP4i: Dipeptidyl peptidase-4 inhibitor; GLP-1:
glucagon-like peptide-1; RA: receptor agonist; SGLT2i: sodium-glucose transporter-2 inhibitor; VLCD: very low-calorie diet.

insulin secretion and sensitivity™*.

Over the past few years, newer GLP-1 RA have been approved that allow for more convenient
administration and greater weight loss. One example is semaglutide, a GLP-1 receptor agonist currently
approved in countries such as the US and Singapore for treatment of T2D and obesity, which has been
demonstrated to reduce CV events'®’. Placebo-subtracted weight loss of 12.4% was achieved with the higher
dose of subcutaneous (SC) semaglutide 2.4 mg weekly used for obesity®”. The STEP-2 RCT which examined
the use of SC semaglutide 2.4 mg weekly in T2D and obesity demonstrated weight loss of 9.6%, with more
than two-thirds of patients treated with semaglutide 2.4 mg achieved target HbA,. of 6.5%. Weight loss
with weekly semaglutide 2.4 mg (15.8%) was more than double that of daily liraglutide 3.0 mg (6.4%)*",

which contributes to its popularity. Side effects are commonly gastrointestinal (nausea, diarrhoea,
constipation) and typically mild and transient. There are no studies evaluating semaglutide specifically in
the post-bariatric surgery population but the favourable risk-benefit profile of semaglutide makes it well-
suited to treat post-bariatric surgery patients with residual diabetes or diabetes relapse. An RCT of
semaglutide 2.4 mg in patients with inadequate weight loss following bariatric surgery is ongoing (BARI-
STEP)", and the results should provide further insights on the use of semaglutide in this patient
population. In its oral form at a maximum dose of 14 mg once daily, semaglutide is efficacious as an anti-
diabetic treatment and spares the need for injections. The PIONEER PLUS study showed that higher doses
of oral semaglutide (25 and 50 mg once daily) can lower HbA,. by an additional 0.27%-0.53% (total HbA
drop of up to 2%) in T2D with 4% greater weight loss (50 mg once daily) compared to the currently
approved 14 mg dosage'*. For those without T2D, oral semaglutide 50 mg once daily in the OASIS 1 study
resulted in a mean total weight loss of 15.1% at 68 weeks, with 85% of subjects losing 2 5% of body weight'*”.
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Tirzepatide is a dual GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) receptor agonist given
as a weekly subcutaneous injection, approved in the US for treatment of T2D in 2022 and for chronic
obesity treatment in 2023. A 72-week RCT in participants with obesity and T2D showed a mean weight loss
of 15.7% with 15 mg of tirzepatide vs. 3.3% with placebo'”. (Another similar study in individuals with
obesity but without T2D showed mean total weight loss of 16 to 22.5% after 72 weeks’ of treatment with
tirzepatide 5-15 mg weekly.) Adverse events observed are mostly mild to moderate, transient
gastrointestinal symptoms'*”. Given the impressive amount of weight loss, coupled with low hypoglycemia
risk, tirzepatide is potentially an ideal medication to treat residual diabetes or diabetes relapse after bariatric
surgery especially with concurrent weight regain, but further studies are required to evaluate its use in the
post-bariatric surgery setting. Recent phase 2 studies of CagriSema, a once-weekly combination of
cagrilintide (an amylin analogue) and semaglutide, and triple-hormone (GLP1, GIP, glucagon) receptor
agonist, retatrutide, demonstrated an average 2%-2.2% reduction in HbA _at 24 weeks and a mean 16%-17%
reduction in body weight (with the highest doses) at 32-36 weeks in those with obesity and T2D"”". In
people with obesity without T2D, an average 24% drop in body weight after 48 weeks of treatment with the
highest dose of retatrutide was observed"””. Novel incretin- and gut-hormone based therapies are increasing
the efficacy of pharmacological treatment options in T2D. Given that persistent diabetes and diabetes
relapse are commonly associated with a lower degree of weight loss or weight regain, complementary use of
these novel agents (if approved) after MBS can potentially result in greater weight loss while simultaneously
serve to attain good glycemic control although studies are required to guide treatment strategies. As with
the management of any other chronic disease, if these therapies are able to achieve good glycemic control
and weight loss, they should be continued long-term as benefits can be attenuated or lost with
discontinuation of the therapy.

DPP-4 inhibitors work by blocking the enzyme that inactivates GLP-1 and are generally well-tolerated and
weight neutral, but with a modest glucose-lowering effect. A small study which investigated the use of
sitagliptin over 4 weeks in persistent or recurrent diabetes after RYGB showed a mild decrease in post-
prandial glucose excursion after mixed meal test”. In general, GLP-1RA provide superior weight loss and
glucose-lowering efficacy and, hence, preferred over DPP-4 inhibitors in patients with persistent or
recurrent diabetes after MBS.

Incretin-based therapy with DPP-4 inhibitors and GLP-1RA have been shown to be more effective in
Asians””! perhaps through increased incretin activity to overcome p cell dysfunction which East Asians are
more susceptible to”. However, these have not specifically been studied in East Asians after MBS.

Apart from GLP-1RA, other medications used to treat T2D can also be used in the post-bariatric surgery
setting. In a small RCT involving 16 patients post-MBS, a 6-month treatment with canagliflozin 300 mg
once daily was able to create a 10 kg weight difference and a HbA_ difference of -0.75% compared to
placebo". The cardiovascular and renal benefits SGLT2i have changed the treatment paradigm of T2D.
SGLT2i decrease renal glucose reabsorption by acting on the renal proximal convoluted tubule, thus
inducing glycosuria and lowers blood glucose independent of insulin sensitivity or insulin secretion"”.

Weight loss of 1%-3% can be observed with SGLT2i in T2D, which starts with an early and rapid body water
and fat loss up to around 8 weeks, followed by a slower rate of sustained fat loss”. The modest weight loss
with SGLT2i is useful in patients with obesity. However, it is the cardiovascular (CV) and renal benefits of
SGLT?2i that makes this drug class exceptional. Large RCTs have shown that SGLT2i provides protection
against major CV disease in those at high CV risk, reduce hospitalisations due to heart failure, reduce risk
of kidney disease progression and acute kidney injury, and reduce CV and all-cause mortality”™*. Hence,
SGLT2i are the preferred option for patients with T2D, regardless of whether they had bariatric surgery.
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Given the progressive nature of T2D, insulin therapy remains the cornerstone of diabetes management. It
addresses the B-cell failure seen in advanced diabetes and is used when adequate glycemic control cannot be
achieved with other glucose-lowering agents alone. In general, East Asians with T2D have been shown to
have a lower insulin-secreting capacity compared to their Caucasian counterparts”. Insulin therapy may be
considered earlier in the treatment algorithm especially in those with poor glycemic control in the absence
of significant weight regain. The main drawbacks of insulin therapy include hypoglycemia and weight gain,
and these can be mitigated when insulin is used with insulin sensitisers or incretin-based therapies such as
metformin or GLP-1RA™. Analysis from the Bariatric Outcomes Longitudinal Database showed that of the
3,318 patients with insulin-treated T2D who underwent RYGB, 62% could discontinue insulin at 12
months™®, This leaves over one-third of patients who still require insulin therapy, albeit at lower doses.

Finally, management of hypertension and dyslipidemia should be given equal attention especially in those
with established cardiovascular and renal diseases. In the immediate post-operative period, most anti-
hypertensive and lipid-lowering medications can be temporarily stopped. With weight loss, hypertension,
albuminuria and dyslipdiemia improve and may also go into remission or resolve. Regardless, attainment of
blood pressure and lipid targets should be regularly assessed with re-initiation of medications as indicated
[Table 1].

DISCUSSION

In patients with T2D, MBS provides better long-term glycemic control than conventional treatment, with
reductions in diabetes medication use"*”. Significant reduction in adverse cardiovascular events,
nephropathy and in mortality in people with T2D who had undergone MBS was observed in the long-term

[83,84

compared with those who were managed medically®**. A large cohort study has showed that for every
additional year of time spent in remission prior to relapse, the risk of microvascular disease was reduced by
19%. It is evident that trajectories of health and disease are significantly altered after MBS, and even

transient remission can lead to lifelong benefits'™'.

For every patient with T2D, an individualized goal of therapy balanced with the risk, benefits and outcome
of each therapy including MBS should be discussed with the patient and treatment plans tailored in
collaboration with the patient and the healthcare team. In the advent of long-term diabetes remission,
patients with T2D should not be left unmonitored for diabetes complications as these may have been
established or may still occur with time. Patients should not be promised a “cure” and a life free from
monitoring as we do not have sufficient long-term data at present to advise so.

Management of residual diabetes and diabetes relapse requires careful evaluation to evaluate its cause.
Insufficient weight loss or weight regain after MBS are risk factors for suboptimal diabetes control and
should be addressed. Residual p-cell function is fundamental to maintaining diabetes remission and the
natural progression of diabetes should always be borne in mind when considering T2D pharmacotherapy. A
thorough multidisciplinary approach with a focus on lifestyle modification should be adopted.
Comprehensive care based on standard diabetes guidelines should still be consistently applied in the post-
bariatric setting, with greater emphasis on medications that can cause weight loss, without undue risk of
hypoglycemia. Aggressive control of CV risk factors, in particular of blood pressure and lipids, use of
cardio- and renoprotective therapy and ongoing assessment for diabetes micro- and macrovascular

complications'”

should continue even in the event of long-term diabetes remission until further outcome
data is available""? [Table 1]. Metformin remains the first line option for T2D management. Preferential use
of SGLT2i should be considered for patients with history of CV disease, heart failure or diabetes

nephropathy. GLP-1 RA are generally also preferred in those with CV disease. In patients with weight
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regain after MBS, use of incretin-based therapies with good weight loss data such as semaglutide or
tirzepatide are preferred. Insulin therapy is recommended for patients with advanced diabetes with p-cell
failure, or if satisfactory glycaemic control cannot be achieved with non-insulin agents. The tailoring of anti-
diabetic pharmacotherapy is best considered in the light of the pathophysiologic factors in each individual.
With T2D having such a complex pathophysiology, the various treatment modalities should be considered
as complementary to rather than exclusive of each other. Initiation of treatments can be in tandem instead
of sequentially which at times may perpetuate the treatment inertia frequently encountered in clinical
practice.

Some unanswered questions remain. Anti-diabetic medications such as SGLT2i and GLP-1RA are used for
the treatment of chronic kidney disease and heart failure, and for weight loss respectively. Defining diabetes
remission with ongoing use of these medications remains unclear. Furthermore, the long-term outcome of
diabetes complications on a background of sustained diabetes remission is currently unknown. MBS has
been shown to be more effective than medical therapy for diabetes control and remission. However, most
studies were conducted during the era prior to widespread use of GLP-1RA and SGLT2i which have potent
effects on weight loss, glycemic control and metabolic improvements. Furthermore, the emergence of novel
dual- and triple-hormone receptor agonists and gut-hormone based therapies as effective anti-diabetic and
anti-obesity pharmacotherapy””>* which can potentially rival the glucose-lowering and weight loss
outcomes of MBS, will re-shape our treatment approach to T2D and obesity-related diseases. Updated trials
will be needed to substantiate the superiority of MBS over intensive medical therapy for T2D especially in
the long-term, and assess the impact of adjunctive therapy of these novel pharmacotherapy with MBS which
could well prove to be the most efficacious treatment for T2D. With the ultimate goal of diabetes treatment
being to reduce diabetes complications and mortality, and to improve the quality of life in patients with
T2D"™, further studies to evaluate these outcomes with additional incorporation of patient-reported
outcome measures and cost-effectiveness are urgently needed.

CONCLUSION

T2D is a heterogeneous chronic metabolic disorder associated with increased morbidity and mortality.
While MBS can help people with T2D and obesity attain diabetes remission, a substantial proportion
remains with diabetes after surgery or experience diabetes relapse after remission. Holistic and personalized
care of the patient remains the standard of care in all patients with T2D with or without remission.

Finally, it is important to remember that residual diabetes or diabetes relapse should not be considered as
failure of MBS. Despite diabetes remission being an attainable end-point in many with T2D after MBS, it
should not be the be-all and end-all goal of MBS as the ultimate goal of therapy is to prevent the
burdensome complications of diabetes while optimizing quality of life in people with T2D.

DECLARATIONS
Authors’ contribution
Outline, concept, and writing of the manuscript: Tham KW, Lee PC

Availability of data and materials
Not applicable.

Financial support and sponsorship
None.



Page 12 of 15 Tham et al. Mini-invasive Surg 2023;7:39 | https://dx.doi.org/10.20517/2574-1225.2023.80

Conflicts of interest

Tham KW received fees for lectures, advisory board, and consulting activities from Novo Nordisk, fees for
lectures and the advisory board from DKSH, and fees for lectures for Eurodrug Laboratories and iNova.

Lee PC received fees for lectures from Novo Nordisk and for the advisory board from DKSH.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2023.

REFERENCES

1. Cummings DE, Rubino F. Metabolic surgery for the treatment of type 2 diabetes in obese individuals. Diabetologia 2018;61:257-64.
DOI PubMed PMC

2. Rubino F, Nathan DM, Eckel RH, et al; Delegates of the 2nd Diabetes Surgery Summit. Metabolic surgery in the treatment algorithm
for type 2 diabetes: a joint statement by international diabetes organizations. Diabetes Care 2016;39:861-77. DOI

3. Tham KW, Abdul Ghani R, Cua SC, et al. Obesity in South and Southeast Asia - A new consensus on care and management. Obes Rev
2023;24:¢13520. DOI PubMed PMC

4. ElSayed NA, Aleppo G, Aroda VR, et al. 8. Obesity and weight management for the prevention and treatment of type 2 diabetes:
standards of care in diabetes - 2023. Diabetes Care 2023;46:S128-39. DOI PubMed PMC

S. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic
fatty liver disease. Diabetologia 2016;59:1121-40. DOI

6. Gloy VL, Briel M, Bhatt DL, et al. Bariatric surgery versus non-surgical treatment for obesity: a systematic review and meta-analysis
of randomised controlled trials. BMJ 2013;347:£5934. DOI PubMed PMC

7. Schauer PR, Mingrone G, Ikramuddin S, Wolfe B. Clinical outcomes of metabolic surgery: efficacy of glycemic control, weight loss,
and remission of diabetes. Diabetes Care 2016;39:902-11. DOI PubMed PMC

8. Buchwald H, Estok R, Fahrbach K, et al. Weight and type 2 diabetes after bariatric surgery: systematic review and meta-analysis. Am J
Med 2009;122:248-56.¢5. DOI

9. Mingrone G, Panunzi S, De Gaetano A, et al. Bariatric surgery versus conventional medical therapy for type 2 diabetes. N Engl J Med
2012;366:1577-85. DOIL

10.  Dixon JB, O’Brien PE, Playfair J, et al. Adjustable gastric banding and conventional therapy for type 2 diabetes: a randomized
controlled trial. JAMA 2008;299:316-23. DOI

11.  Courcoulas AP, Gallagher JW, Neiberg RH, et al. Bariatric surgery vs lifestyle intervention for diabetes treatment: 5-year outcomes
from a randomized trial. J Clin Endocrinol Metab 2020;105:866-76. DOI PubMed PMC

12.  Sjostréom L, Lindroos AK, Peltonen M, et al; Swedish Obese Subjects Study Scientific Group. Lifestyle, diabetes, and cardiovascular
risk factors 10 years after bariatric surgery. N Engl J Med 2004;351:2683-93. DOI

13.  Mingrone G, Panunzi S, De Gaetano A, et al. Metabolic surgery versus conventional medical therapy in patients with type 2 diabetes:
10-year follow-up of an open-label, single-centre, randomised controlled trial. Lancer 2021;397:293-304. DOI

14.  Arterburn DE, Bogart A, Sherwood NE, et al. A multisite study of long-term remission and relapse of type 2 diabetes mellitus
following gastric bypass. Obes Surg 2013;23:93-102. DOI PubMed PMC

15.  Riddle MC, Cefalu WT, Evans PH, et al. Consensus report: definition and interpretation of remission in type 2 diabetes. Diabetes Care
2021;44:2438-44. DOI PubMed PMC

16. DeFronzo RA. Banting Lecture. From the triumvirate to the ominous octet: a new paradigm for the treatment of type 2 diabetes
mellitus. Diabetes 2009;58:773-95. DOI PubMed PMC

17. Taylor R. Type 2 diabetes: etiology and reversibility. Diabetes Care 2013;36:1047-55. DOI

18.  Skyler JS, Bakris GL, Bonifacio E, et al. Differentiation of diabetes by pathophysiology, natural history, and prognosis. Diabetes
2017;66:241-55. DOI PubMed PMC

19. Khoo CM, Sairazi S, Taslim S, et al. Ethnicity modifies the relationships of insulin resistance, inflammation, and adiponectin with
obesity in a multiethnic Asian population. Diabetes Care 2011;34:1120-6. DOI PubMed PMC

20. Caleyachetty R, Barber TM, Mohammed NI, et al. Ethnicity-specific BMI cutoffs for obesity based on type 2 diabetes risk in England:
a population-based cohort study. Lancet Diabetes Endocrinol 2021;9:419-26. DOI PubMed PMC

21.  Yabe D, Seino Y, Fukushima M, Seino S. B cell dysfunction versus insulin resistance in the pathogenesis of type 2 diabetes in East


https://dx.doi.org/10.1007/s00125-017-4513-y
http://www.ncbi.nlm.nih.gov/pubmed/29224190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6448954
https://dx.doi.org/10.2337/dc16-0236
https://dx.doi.org/10.1111/obr.13520
http://www.ncbi.nlm.nih.gov/pubmed/36453081
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10078503
https://dx.doi.org/10.2337/dc23-s008
http://www.ncbi.nlm.nih.gov/pubmed/36507637
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9810466
https://dx.doi.org/10.1007/s00125-016-3902-y
https://dx.doi.org/10.1136/bmj.f5934
http://www.ncbi.nlm.nih.gov/pubmed/24149519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3806364
https://dx.doi.org/10.2337/dc16-0382
http://www.ncbi.nlm.nih.gov/pubmed/27222548
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5864131
https://dx.doi.org/10.1016/j.amjmed.2008.09.041
https://dx.doi.org/10.1056/NEJMoa1200111
https://dx.doi.org/10.1001/jama.299.3.316
https://dx.doi.org/10.1210/clinem/dgaa006
http://www.ncbi.nlm.nih.gov/pubmed/31917447
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7032894
https://dx.doi.org/10.1056/nejmoa035622
https://dx.doi.org/10.1016/s0140-6736(20)32649-0
https://dx.doi.org/10.1007/s11695-012-0802-1
http://www.ncbi.nlm.nih.gov/pubmed/23161525
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4641311
https://dx.doi.org/10.2337/dci21-0034
http://www.ncbi.nlm.nih.gov/pubmed/34462270
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8929179
https://dx.doi.org/10.2337/db09-9028
http://www.ncbi.nlm.nih.gov/pubmed/19336687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2661582
https://dx.doi.org/10.2337/dc12-1805
https://dx.doi.org/10.2337/db16-0806
http://www.ncbi.nlm.nih.gov/pubmed/27980006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5384660
https://dx.doi.org/10.2337/dc10-2097
http://www.ncbi.nlm.nih.gov/pubmed/21464462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3114514
https://dx.doi.org/10.1016/s2213-8587(21)00088-7
http://www.ncbi.nlm.nih.gov/pubmed/33989535
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8208895

Tham et al. Mini-invasive Surg 2023;7:39 | https://dx.doi.org/10.20517/2574-1225.2023.80 Page 13 of 15

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

Asians. Curr Diab Rep 2015;15:602. DOI PubMed PMC

Tabak AG, Jokela M, Akbaraly TN, Brunner EJ, Kiviméki M, Witte DR. Trajectories of glycaemia, insulin sensitivity, and insulin
secretion before diagnosis of type 2 diabetes: an analysis from the Whitehall II study. Lancet 2009;373:2215-21. DOI PubMed PMC
Matthews DR, Cull CA, Stratton IM, Holman RR, Turner RC. UKPDS 26: sulphonylurea failure in non-insulin-dependent diabetic
patients over six years. Diabet Med 1998;15:297-303. DOI PubMed

Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:837-53. PubMed
Steven S, Carey PE, Small PK, Taylor R. Reversal of type 2 diabetes after bariatric surgery is determined by the degree of achieved
weight loss in both short- and long-duration diabetes. Diabet Med 2015;32:47-53. DOI

Wesolowska-Andersen A, Brorsson CA, Bizzotto R, et al; IMI DIRECT Consortium. Four groups of type 2 diabetes contribute to the
etiological and clinical heterogeneity in newly diagnosed individuals: An IMI DIRECT study. Cell Rep Med 2022;3:100477. DOI
PubMed PMC

Steven S, Hollingsworth KG, Al-Mrabeh A, et al. Very low-calorie diet and 6 months of weight stability in type 2 diabetes:
pathophysiological changes in responders and nonresponders. Diabetes Care 2016;39:808-15. DOI

Taylor R, Al-Mrabeh A, Zhyzhneuskaya S, et al. Remission of human type 2 diabetes requires decrease in liver and pancreas fat
content but is dependent upon capacity for 3 cell recovery. Cell Metab 2018;28:547-56.e3. DOI

Panunzi S, Carlsson L, De Gaetano A, et al. Determinants of diabetes remission and glycemic control after bariatric surgery. Diabetes
Care 2016;39:166-74. DOI

Pessoa BM, Browning MG, Mazzini GS, et al. Factors mediating type 2 diabetes remission and relapse after gastric bypass surgery. J
Am Coll Surg 2020;230:7-16. DOI

Dutia R, Brakoniecki K, Bunker P, et al. Response to comment on Dutia et al. Limited recovery of B-cell function after gastric bypass
despite clinical diabetes remission. Diabetes 2014;63:1214-1223. Diabetes 2014;63:e4. DOI PubMed PMC

Schauer PR, Bhatt DL, Kirwan JP, et al; STAMPEDE Investigators. Bariatric surgery versus intensive medical therapy for diabetes -
S-year outcomes. N Engl J Med 2017;376:641-51. DOI PubMed PMC

Aminian A, Brethauer SA, Andalib A, et al. Individualized metabolic surgery score: procedure selection based on diabetes severity.
Ann Surg 2017;266:650-7. DOI

Lim EL, Hollingsworth KG, Aribisala BS, Chen MJ, Mathers JC, Taylor R. Reversal of type 2 diabetes: normalisation of beta cell
function in association with decreased pancreas and liver triacylglycerol. Diabetologia 2011;54:2506-14. DOI PubMed PMC
Chumakova-Orin M, Vanetta C, Moris DP, Guerron AD. Diabetes remission after bariatric surgery. World J Diabetes 2021;12:1093-
101. DOI PubMed PMC

Watanabe Y, Yamaguchi T, Nagayama D, et al. Factors associated with relapse of type 2 diabetes mellitus after laparoscopic sleeve
gastrectomy in Japanese subjects: a subgroup analysis of J-SMART study. Obes Facts 2023;16:119-30. DOI PubMed PMC

Jans A, Szabo E, Nislund I, Ottosson J, Néslund E, Stenberg E. Factors affecting relapse of type 2 diabetes after bariatric surgery in
Sweden 2007-2015: a registry-based cohort study. Surg Obes Relat Dis 2022;18:305-12. DOI PubMed

Aminian A, Vidal J, Salminen P, et al. Late relapse of diabetes after bariatric surgery: not rare, but not a failure. Diabetes Care
2020;43:534-40. DOI

Debédat J, Sokolovska N, Coupaye M, et al. Long-term relapse of type 2 diabetes after Roux-en-Y gastric bypass: prediction and
clinical relevance. Diabetes Care 2018;41:2086-95. DOI

Inge TH, Courcoulas AP, Jenkins TM, et al; Teen-LABS Consortium. Five-year outcomes of gastric bypass in adolescents as
compared with adults. N Engl J Med 2019;380:2136-45. DOI

Lee PC, Tham KW, Ganguly S, Tan HC, Eng AKH, Dixon JB. Ethnicity does not influence glycemic outcomes or diabetes remission
after sleeve gastrectomy or gastric bypass in a multiethnic Asian cohort. Obes Surg 2018;28:1511-8. DOI PubMed

Chen X, Kong X. Diabetes remission and relapse after metabolic surgery. J Diabetes Investig 2018;9:1237-8. DOI PubMed PMC
ElSayed NA, Aleppo G, Aroda VR, et al. Addendum. 4. Comprehensive medical evaluation and assessment of comorbidities:
standards of care in diabetes - 2023. Diabetes Care 2023;46 (Suppl. 1):S49-S67. Diabetes Care 2023;46:1718-20. DOI

Rodriguez K, Ryan D, Dickinson JK, Phan V. Improving quality outcomes: the value of diabetes care and education specialists. Clin
Diabetes 2022;40:356-65. DOI PubMed PMC

Gaede P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a multifactorial intervention on mortality in type 2 diabetes. N Engl J
Med 2008;358:580-91. DOI PubMed

Gade P, Oellgaard J, Carstensen B, et al. Years of life gained by multifactorial intervention in patients with type 2 diabetes mellitus
and microalbuminuria: 21 years follow-up on the Steno-2 randomised trial. Diabetologia 2016;59:2298-307. DOI PubMed PMC
Samson SL, Vellanki P, Blonde L, et al. American Association of Clinical Endocrinology Consensus Statement: comprehensive type 2
diabetes management algorithm - 2023 update. Endocr Pract 2023;29:305-40. DOI

Diabetes Control and Complications Trial Research Group; Nathan DM, Genuth S, Lachin J, et al. The effect of intensive treatment of
diabetes on the development and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl J Med
1993;329:977-86. DOI PubMed

Mechanick JI, Apovian C, Brethauer S, et al. Clinical practice guidelines for the perioperative nutrition, metabolic, and nonsurgical
support of patients undergoing bariatric procedures - 2019 update: cosponsored by American Association of Clinical Endocrinologists/
American College of Endocrinology, The Obesity Society, American Society for Metabolic & Bariatric Surgery, Obesity Medicine


https://dx.doi.org/10.1007/s11892-015-0602-9
http://www.ncbi.nlm.nih.gov/pubmed/25944304
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4420838
https://dx.doi.org/10.1016/s0140-6736(09)60619-x
http://www.ncbi.nlm.nih.gov/pubmed/19515410
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2726723
https://dx.doi.org/10.1002/(SICI)1096-9136(199804)15:4<297::AID-DIA572>3.0.CO;2-W
http://www.ncbi.nlm.nih.gov/pubmed/9585394
http://www.ncbi.nlm.nih.gov/pubmed/9742976
https://dx.doi.org/10.1111/dme.12567
https://dx.doi.org/10.1016/j.xcrm.2021.100477
http://www.ncbi.nlm.nih.gov/pubmed/35106505
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8784706
https://dx.doi.org/10.2337/dc15-1942
https://dx.doi.org/10.1016/j.cmet.2018.07.003
https://dx.doi.org/10.2337/dc15-0575
https://dx.doi.org/10.1016/j.jamcollsurg.2019.09.012
https://dx.doi.org/10.2337/db14-0112
http://www.ncbi.nlm.nih.gov/pubmed/24651813
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4179312
https://dx.doi.org/10.1056/nejmoa1600869
http://www.ncbi.nlm.nih.gov/pubmed/28199805
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5451258
https://dx.doi.org/10.1097/sla.0000000000002407
https://dx.doi.org/10.1007/s00125-011-2204-7
http://www.ncbi.nlm.nih.gov/pubmed/21656330
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3168743
https://dx.doi.org/10.4239/wjd.v12.i7.1093
http://www.ncbi.nlm.nih.gov/pubmed/34326957
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8311476
https://dx.doi.org/10.1159/000529546
http://www.ncbi.nlm.nih.gov/pubmed/36750042
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10028371
https://dx.doi.org/10.1016/j.soard.2021.12.005
http://www.ncbi.nlm.nih.gov/pubmed/34974997
https://dx.doi.org/10.2337/dc19-1057
https://dx.doi.org/10.2337/dc18-0567
https://www.nejm.org/doi/full/10.1056/NEJMoa1813909
https://dx.doi.org/10.1007/s11695-017-3050-6
http://www.ncbi.nlm.nih.gov/pubmed/29280058
https://dx.doi.org/10.1111/jdi.12871
http://www.ncbi.nlm.nih.gov/pubmed/29870156
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6215947
https://dx.doi.org/10.2337/dc23-ad09
https://dx.doi.org/10.2337/cd21-0089
http://www.ncbi.nlm.nih.gov/pubmed/35979327
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9331628
https://dx.doi.org/10.1056/nejmoa0706245
http://www.ncbi.nlm.nih.gov/pubmed/18256393
https://dx.doi.org/10.1007/s00125-016-4065-6
http://www.ncbi.nlm.nih.gov/pubmed/27531506
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5506099
https://dx.doi.org/10.1016/j.eprac.2023.02.001
https://dx.doi.org/10.1056/NEJM199309303291401
http://www.ncbi.nlm.nih.gov/pubmed/8366922

Page 14 of 15 Tham et al. Mini-invasive Surg 2023;7:39 | https://dx.doi.org/10.20517/2574-1225.2023.80

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Association, and American Society of Anesthesiologists. Endocr Pract 2019;25:1346-59. DOI

Dicker D, Yahalom R, Comaneshter DS, Vinker S. Long-term outcomes of three types of bariatric surgery on obesity and type 2
diabetes control and remission. Obes Surg 2016;26:1814-20. DOI PubMed

Aminian A, Kashyap SR, Burguera B, et al. Incidence and clinical features of diabetic ketoacidosis after bariatric and metabolic
surgery. Diabetes Care 2016;39:¢50-3. DOI PubMed PMC

Kheniser KG, Kashyap SR. Diabetes management before, during, and after bariatric and metabolic surgery. J Diabetes Complications
2018;32:870-5. DOI PubMed

Rometo D, Korytkowski M. Perioperative glycemic management of patients undergoing bariatric surgery. Curr Diab Rep 2016;16:23.
DOI PubMed

Busetto L, Dicker D, Azran C, et al. Practical recommendations of the obesity management task force of the European Association for
the study of obesity for the post-bariatric surgery medical management. Obes Facts 2017;10:597-632. DOI PubMed PMC

le Roux CW, Aylwin SJ, Batterham RL, et al. Gut hormone profiles following bariatric surgery favor an anorectic state, facilitate
weight loss, and improve metabolic parameters. Ann Surg 2006;243:108-14. DOI PubMed PMC

Dirksen C, Jorgensen NB, Bojsen-Mgller KN, et al. Gut hormones, early dumping and resting energy expenditure in patients with good
and poor weight loss response after Roux-en-Y gastric bypass. /nt J Obes 2013;37:1452-9. DOI

Nannipieri M, Baldi S, Mari A, et al. Roux-en-Y gastric bypass and sleeve gastrectomy: mechanisms of diabetes remission and role of
gut hormones. J Clin Endocrinol Metab 2013;98:4391-9. DOI

Miras AD, Pérez-Pevida B, Aldhwayan M, et al. Adjunctive liraglutide treatment in patients with persistent or recurrent type 2 diabetes
after metabolic surgery (GRAVITAS): a randomised, double-blind, placebo-controlled trial. Lancet Diabetes Endocrinol 2019;7:549-
59. DOI PubMed

Htike ZZ, Zaccardi F, Papamargaritis D, Webb DR, Khunti K, Davies MJ. Efficacy and safety of glucagon-like peptide-1 receptor
agonists in type 2 diabetes: a systematic review and mixed-treatment comparison analysis. Diabetes Obes Metab 2017;19:524-36.
DOI PubMed

Tan T, Behary P, Tharakan G, et al. The effect of a subcutaneous infusion of GLP-1, OXM, and PYY on energy intake and
expenditure in obese volunteers. J Clin Endocrinol Metab 2017;102:2364-72. DOI PubMed PMC

Marso SP, Bain SC, Consoli A, et al; SUSTAIN-6 Investigators. Semaglutide and cardiovascular outcomes in patients with type 2
diabetes. N Engl J Med 2016;375:1834-44. DOI PubMed

Wilding JPH, Batterham RL, Calanna S, et al; STEP 1 Study Group. Once-weekly semaglutide in adults with overweight or obesity. N
Engl J Med 2021;384:989-1002. DOI

Davies M, Faerch L, Jeppesen OK, et al; STEP 2 Study Group. Semaglutide 2-4 mg once a week in adults with overweight or obesity,
and type 2 diabetes (STEP 2): a randomised, double-blind, double-dummy, placebo-controlled, phase 3 trial. Lancet 2021;397:971-84.
DOI

Rubino DM, Greenway FL, Khalid U, et al; STEP 8 Investigators. Effect of weekly subcutaneous semaglutide vs daily liraglutide on
body weight in adults with overweight or obesity without diabetes: the step 8 randomized clinical trial. JAMA 2022;327:138-50. DOI
PubMed PMC

Lucas E, Simmons O, Tchang B, Aronne L. Pharmacologic management of weight regain following bariatric surgery. Front
Endocrinol 2022;13:1043595. DOI PubMed PMC

Aroda VR, Aberle J, Bardtrum L, et al. Efficacy and safety of once-daily oral semaglutide 25 mg and 50 mg compared with 14 mg in
adults with type 2 diabetes (PIONEER PLUS): a multicentre, randomised, phase 3b trial. Lancet 2023;402:693-704. DOI

Knop FK, Aroda VR, do Vale RD, et al; OASIS 1 Investigators. Oral semaglutide 50 mg taken once per day in adults with overweight
or obesity (OASIS 1): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2023;402:705-19. DOI

Garvey WT, Frias JP, Jastreboff AM, et al; SURMOUNT-2 investigators. Tirzepatide once weekly for the treatment of obesity in
people with type 2 diabetes (SURMOUNT-2): a double-blind, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet
2023;402:613-26. DOI PubMed

Lee PC, Lim CH, Asokkumar R, Chua MWJ. Current treatment landscape for obesity in Singapore. Singapore Med J 2023;64:172-81.
DOI PubMed PMC

Frias JP, Deenadayalan S, Erichsen L, et al. Efficacy and safety of co-administered once-weekly cagrilintide 2-4 mg with once-weekly
semaglutide 2-4 mg in type 2 diabetes: a multicentre, randomised, double-blind, active-controlled, phase 2 trial. Lancet 2023;402:720-
30. DOI

Rosenstock J, Frias J, Jastreboff AM, et al. Retatrutide, a GIP, GLP-1 and glucagon receptor agonist, for people with type 2 diabetes: a
randomised, double-blind, placebo and active-controlled, parallel-group, phase 2 trial conducted in the USA. Lancet 2023;402:529-44.
DOI

Jastreboff AM, Kaplan LM, Frias JP, et al; Retatrutide Phase 2 Obesity Trial Investigators. Triple-hormone-receptor agonist retatrutide
for obesity - a phase 2 trial. N Engl J Med 2023;389:514-26. DOI

Shah A, Levesque K, Pierini E, et al. Effect of sitagliptin on glucose control in type 2 diabetes mellitus after Roux-en-Y gastric bypass
surgery. Diabetes Obes Metab 2018;20:1018-23. DOI PubMed PMC

Kim YG, Hahn S, Oh TJ, Kwak SH, Park KS, Cho YM. Differences in the glucose-lowering efficacy of dipeptidyl peptidase-4
inhibitors between Asians and non-Asians: a systematic review and meta-analysis. Diabetologia 2013;56:696-708. DOI PubMed

Kim YG, Hahn S, Oh TJ, Park KS, Cho YM. Differences in the HbAlc-lowering efficacy of glucagon-like peptide-1 analogues


https://dx.doi.org/10.4158/gl-2019-0406
https://dx.doi.org/10.1007/s11695-015-2025-8
http://www.ncbi.nlm.nih.gov/pubmed/26718983
https://dx.doi.org/10.2337/dc15-2647
http://www.ncbi.nlm.nih.gov/pubmed/26822327
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8176207
https://dx.doi.org/10.1016/j.jdiacomp.2018.06.006
http://www.ncbi.nlm.nih.gov/pubmed/30042058
https://dx.doi.org/10.1007/s11892-016-0718-6
http://www.ncbi.nlm.nih.gov/pubmed/26879306
https://dx.doi.org/10.1159/000481825
http://www.ncbi.nlm.nih.gov/pubmed/29207379
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5836195
https://dx.doi.org/10.1097/01.sla.0000183349.16877.84
http://www.ncbi.nlm.nih.gov/pubmed/16371744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1449984
https://dx.doi.org/10.1038/ijo.2013.15
https://dx.doi.org/10.1210/jc.2013-2538
https://dx.doi.org/10.1016/s2213-8587(19)30157-3
http://www.ncbi.nlm.nih.gov/pubmed/31174993
https://dx.doi.org/10.1111/dom.12849
http://www.ncbi.nlm.nih.gov/pubmed/27981757
https://dx.doi.org/10.1210/jc.2017-00469
http://www.ncbi.nlm.nih.gov/pubmed/28379519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5505203
https://dx.doi.org/10.1056/nejmoa1607141
http://www.ncbi.nlm.nih.gov/pubmed/27633186
https://dx.doi.org/10.1056/nejmoa2032183
https://dx.doi.org/10.1016/s0140-6736(21)00213-0
https://dx.doi.org/10.1001/jama.2021.23619
http://www.ncbi.nlm.nih.gov/pubmed/35015037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8753508
https://dx.doi.org/10.3389/fendo.2022.1043595
http://www.ncbi.nlm.nih.gov/pubmed/36699042
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9868802
https://dx.doi.org/10.1016/s0140-6736(23)01127-3
https://dx.doi.org/10.1016/s0140-6736(23)01185-6
https://dx.doi.org/10.1016/s0140-6736(23)01200-x
http://www.ncbi.nlm.nih.gov/pubmed/37385275
https://dx.doi.org/10.4103/singaporemedj.smj-2022-216
http://www.ncbi.nlm.nih.gov/pubmed/36876623
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10071854
https://dx.doi.org/10.1016/s0140-6736(23)01163-7
https://dx.doi.org/10.1016/s0140-6736(23)01053-x
https://dx.doi.org/10.1056/nejmoa2301972
https://dx.doi.org/10.1111/dom.13139
http://www.ncbi.nlm.nih.gov/pubmed/29072800
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5847464
https://dx.doi.org/10.1007/s00125-012-2827-3
http://www.ncbi.nlm.nih.gov/pubmed/23344728

Tham et al. Mini-invasive Surg 2023;7:39 | https://dx.doi.org/10.20517/2574-1225.2023.80 Page 15 of 15

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

between Asians and non-Asians: a systematic review and meta-analysis. Diabetes Obes Metab 2014;16:900-9. DOI PubMed

Kashyap SR, Kheniser K, Aminian A, Schauer P, Le Roux C, Burguera B. Double-blinded, randomized, and controlled study on the
effects of canagliflozin after bariatric surgery: a pilot study. Obes Sci Pract 2020;6:255-63. DOI PubMed PMC

Abdul-Ghani MA, DeFronzo RA. Lowering plasma glucose concentration by inhibiting renal sodium-glucose cotransport. J Intern
Med 2014;276:352-63. DOI PubMed PMC

Lee PC, Ganguly S, Goh SY. Weight loss associated with sodium-glucose cotransporter-2 inhibition: a review of evidence and
underlying mechanisms. Obes Rev 2018;19:1630-41. DOI PubMed

Brown E, Heerspink HJL, Cuthbertson DJ, Wilding JPH. SGLT2 inhibitors and GLP-1 receptor agonists: established and emerging
indications. Lancet 2021;398:262-76. DOI PubMed

Nuffield Department of Population Health Renal Studies Group; SGLT2 inhibitor Meta-Analysis Cardio-Renal Trialists’ Consortium.
Impact of diabetes on the effects of sodium glucose co-transporter-2 inhibitors on kidney outcomes: collaborative meta-analysis of
large placebo-controlled trials. Lancet 2022;400:1788-801. DOI

Cahn A, Miccoli R, Dardano A, Del Prato S. New forms of insulin and insulin therapies for the treatment of type 2 diabetes. Lancet
Diabetes Endocrinol 2015;3:638-52. DOI PubMed

Ardestani A, Rhoads D, Tavakkoli A. Insulin cessation and diabetes remission after bariatric surgery in adults with insulin-treated type
2 diabetes. Diabetes Care 2015;38:659-64. DOI PubMed

Aminian A, Zajichek A, Arterburn DE, et al. Association of metabolic surgery with major adverse cardiovascular outcomes in patients
with type 2 diabetes and obesity. JAMA 2019;322:1271-82. DOI PubMed PMC

Sjostrom L, Peltonen M, Jacobson P, et al. Association of bariatric surgery with long-term remission of type 2 diabetes and with
microvascular and macrovascular complications. JAMA 2014;311:2297-304. DOI

Coleman KJ, Haneuse S, Johnson E, et al. Long-term microvascular disease outcomes in patients with type 2 diabetes after bariatric
surgery: evidence for the legacy effect of surgery. Diabetes Care 2016;39:1400-7. DOI PubMed PMC

Tschop M, Nogueiras R, Ahrén B. Gut hormone-based pharmacology: novel formulations and future possibilities for metabolic disease
therapy. Diabetologia 2023;66:1796-808. DOI PubMed PMC


https://dx.doi.org/10.1111/dom.12293
http://www.ncbi.nlm.nih.gov/pubmed/24655583
https://dx.doi.org/10.1002/osp4.409
http://www.ncbi.nlm.nih.gov/pubmed/32523714
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7278903
https://dx.doi.org/10.1111/joim.12244
http://www.ncbi.nlm.nih.gov/pubmed/24690096
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5785085
https://dx.doi.org/10.1111/obr.12755
http://www.ncbi.nlm.nih.gov/pubmed/30253050
https://dx.doi.org/10.1016/s0140-6736(21)00536-5
http://www.ncbi.nlm.nih.gov/pubmed/34216571
https://dx.doi.org/10.1016/S0140-6736(22)02074-8
https://dx.doi.org/10.1016/s2213-8587(15)00097-2
http://www.ncbi.nlm.nih.gov/pubmed/26051044
https://dx.doi.org/10.2337/dc14-1751
http://www.ncbi.nlm.nih.gov/pubmed/25573879
https://dx.doi.org/10.1001/jama.2019.14231
http://www.ncbi.nlm.nih.gov/pubmed/31475297
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6724187
https://dx.doi.org/10.1001/jama.2014.5988
https://dx.doi.org/10.2337/dc16-0194
http://www.ncbi.nlm.nih.gov/pubmed/27271192
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4955928
https://dx.doi.org/10.1007/s00125-023-05929-0
http://www.ncbi.nlm.nih.gov/pubmed/37209227
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10474213

